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(54) TRAVEL CONTROL METHOD AND TRAVEL CONTROL DEVICE

(57) A travel control method is provided for estimat-
ing a position of a moving object around a subject vehicle
using a detector (110) configured to detect the moving
object. This method includes detecting a direction of trav-
el in a lane from map information. The lane is located on

a road on which the moving object travels. When the
subject vehicle is changing directions, the position of the
moving object is estimated on the basis of the direction
of travel in the lane.
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Description

[Technical Field]

[0001] The present invention relates to a travel control
method and a travel control apparatus for controlling trav-
el of a vehicle.

[Background Art]

[0002] There has been a conventional technique of de-
termining whether or not another vehicle is traveling in a
lane (adjacent lane) adjacent to a lane (subject vehicle
lane) in which a subject vehicle travels, on the basis of
the number of lanes included in map information and the
position of the other vehicle received from the other ve-
hicle (e.g. Patent Document 1).

[Prior Art Document]

[Patent Document]

[0003] [Patent Document 1] JP2013-134567A

[Summary of Invention]

[Problems to be solved by Invention]

[0004] However, unfortunately, the position of another
vehicle cannot be detected with a high degree of accu-
racy depending on the sensor provided in the other ve-
hicle, and the other vehicle may be actually traveling in
the adjacent lane even when a determination is made
that the other vehicle is not traveling in the adjacent lane.
[0005] A problem to be solved by the present invention
is to provide a travel control method that can appropri-
ately estimate the position of a moving object existing
around the subject vehicle.

[Means for solving problems]

[0006] The present invention solves the above prob-
lem by estimating the position of a moving object on the
basis of the direction of travel in a lane of a road on which
the moving object travels when the subject vehicle is
changing directions or turning.

[Effect of Invention]

[0007] According to the present invention, the position
of the moving object existing around the subject vehicle
can be appropriately estimated.

[Brief Description of Drawings]

[0008]

FIG. 1 is a block diagram illustrating the configuration

of a travel control apparatus according to one or more
embodiments of the present invention.

FIG. 2 is a view for describing lane boundary lines.

FIG. 3 is a view for describing the detection range
of an ambient detection sensor.

FIG. 4 is a view for describing a method of integrating
lane boundary lines.

FIG. 5 is a view exemplifying a scene in which the
subject vehicle is changing directions.

FIG. 6 is a view for describing directions of travel in
the lanes in the scene illustrated in FIG. 5.

FIG. 7 is a flowchart illustrating a travel control proc-
ess according to a first embodiment.

FIG. 8 is a view exemplifying a scene in which the
subject vehicle enters a T-shaped intersection.

FIG. 9 is a view for describing directions of travel in
the lanes in the scene illustrated in FIG. 8.

FIG. 10 is a view exemplifying a scene in which the
subject vehicle is changing directions in the scene
illustrated in FIG. 8.

FIG. 11 is a flowchart illustrating a travel control proc-
ess according to a second embodiment.

FIG. 12A is a view exemplifying a scene in which the
subject vehicle enters a cross-shaped intersection.

FIG. 12B is a view illustrating an example of the de-
tection result by an ambient detection sensor in the
scene illustrated in FIG. 12A.

FIG. 13 is a view for describing a method of correct-
ing positions of the subject vehicle and a surrounding
vehicle in the scene illustrated in FIG. 12A.

FIG. 14 is a flowchart illustrating a travel control proc-
ess according to a third embodiment.

[Mode(s) for Carrying out the Invention]

[0009] Hereinafter, one or more embodiments of the
present invention will be described with reference to the
drawings. In the embodiments, a travel control apparatus
equipped in a vehicle will be exemplified and described.

«First Embodiment»

[0010] FIG. 1 is a block diagram illustrating the config-
uration of a travel control apparatus 100 according to the
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present embodiment. As illustrated in FIG. 1, the travel
control apparatus 100 according to the present embod-
iment includes an ambient detection sensor 110, a sub-
ject vehicle position detection device 120, a map data-
base 130, a presentation device 140, a drive control de-
vice 150, and a control device 160. These devices are
connected to one another via a controller area network
(CAN) or other in-vehicle LAN for mutually exchanging
information.
[0011] The ambient detection sensor 110 detects ob-
stacles (such as other vehicles) and road markers (such
as lane marks and curbstones) existing around the sub-
ject vehicle. Examples of the ambient detection sensor
110 include a front camera that captures images ahead
of the subject vehicle, a rear camera that captures images
behind the subject vehicle, and side cameras that capture
images at sides of the subject vehicle. A laser range find-
er (LRF) that detects obstacles around the subject vehi-
cle can also be used as the ambient detection sensor
110. The ambient detection sensor 110 may be config-
ured using one sensor of the above-described sensors
or may also be configured using a combination of two or
more sensors. The detection results by the ambient de-
tection sensor 110 are output to the control device 160.
[0012] The subject vehicle position detection device
120 is composed of a GPS unit, a gyro-sensor, a vehicle
speed sensor, and other necessary components. The
subject vehicle position detection device 120 detects ra-
dio waves transmitted from a plurality of communication
satellites using the GPS unit to periodically acquire po-
sitional information of a target vehicle (subject vehicle)
and detects the current position of the target vehicle on
the basis of the acquired positional information of the
target vehicle, angle variation information acquired from
the gyro-sensor, and the vehicle speed acquired from
the vehicle speed sensor. The positional information of
the target vehicle detected by the subject vehicle position
detection device 120 is output to the control device 160.
[0013] The map database 130 stores map information
that includes road information. The road information in-
cludes information on the number of lanes of each road,
lane boundary lines that define the lanes, and directions
of travel in the lanes. Examples of the directions of travel
in lanes include directions of "traveling straight ahead,"
"turning right," "turning left," "traveling straight ahead and
turning right," and "traveling straight ahead and turning
left." In the present embodiment, the map database 130
stores information on nodes and links corresponding to
lanes, from which the number of lanes and the directions
of travel in the lanes can be perceived (details will be
described later).
[0014] The presentation device 140 may be, for exam-
ple, a device such as a display of a navigation device, a
display incorporated in a rearview mirror, a display incor-
porated in a meter unit, a head-up display projected on
a windshield, and a speaker of an audio device.
[0015] The drive control device 150 controls travel of
the subject vehicle. For example, when the subject ve-

hicle follows a preceding vehicle, the drive control device
150 controls the operation of a drive mechanism (which
includes the operation of an internal-combustion engine
in the case of an engine car and the operation of an elec-
tric motor in the case of an electric car and further includes
the torque distribution for an internal-combustion engine
and electric motor in the case of a hybrid car) and the
braking operation to achieve the acceleration, decelera-
tion and vehicle speed so that the distance between the
subject vehicle and the preceding vehicle can be main-
tained at a constant distance. When the subject vehicle
changes lanes or turns right or left at an intersection, the
drive control device 150 controls the operation of a steer-
ing actuator to control the operation of wheels and there-
by executes the control of direction change of the subject
vehicle. The drive control device 150 controls travel of
the subject vehicle in accordance with commands sent
from the control device 160, which will be described be-
low. Other well-known methods can also be used as a
travel control method by the drive control device 150.
[0016] The control device 160 is composed of a read
only memory (ROM) that stores programs for controlling
travel of the subject vehicle, a central processing unit
(CPU) that executes the programs stored in the ROM,
and a random access memory (RAM) that serves as an
accessible storage device. As substitute for or in addition
to the CPU, a micro processing unit (MPU), digital signal
processor (DSP), application specific integrated circuit
(ASIC), field programmable gate array (FPGA), or the
like can also be used as an operating circuit.
[0017] The control device 160 executes the programs
stored in the ROM using the CPU thereby to achieve the
following various functions: a route search function of
searching for a planned travel route of the subject vehicle;
a first boundary line detection function of detecting
boundary lines of a lane in which the subject vehicle trav-
els (subject vehicle lane) on the basis of the map infor-
mation; a second boundary line detection function of de-
tecting boundary lines of the subject vehicle lane on the
basis of the detection results by the ambient detection
sensor 110; a boundary line integration function of inte-
grating the lane boundary lines detected based on the
map information and the lane boundary lines detected
based on the detection results by the ambient detection
sensor 110; a surrounding vehicle detection function of
detecting surrounding vehicles; a travel direction deter-
mination function of determining whether or not the di-
rection of travel in a lane coincides with the traveling di-
rection of a surrounding vehicle; and a surrounding ve-
hicle relocation function of estimating a lane in which the
surrounding vehicle travels and arranging the position of
the surrounding vehicle in an appropriate lane on the
map. Each function of the control device 190 will be de-
scribed below.
[0018] The control device 160 uses the route search
function to generate a planned travel route of the subject
vehicle from the current position and destination of the
subject vehicle. For example, the route search function
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can serve to acquire the position of the subject vehicle
from the subject vehicle position detection device 120
and acquire the destination, which the driver input, from
an input device (not illustrated). The route search function
can also serve to search for the planned travel route using
a method known in the art.
[0019] The control device 160 uses the first boundary
line detection function to detect lane boundary lines of
lanes including the subject vehicle lane on the basis of
the map information stored in the map database 130.
The lane boundary lines refer to lines that define bound-
aries between lanes and adjacent lanes or boundaries
between lanes and road shoulders, such as lane marks
(solid lines, double lines, broken lines and other lines
drawn with white, yellow or the like on a road to define
lanes) and curbstones. The map information stored in
the map database 130 includes information on the
boundary lines of each lane, and the first boundary line
detection function serves to refer to the map information
to detect the lane boundary lines of lanes including the
subject vehicle lane from the map information. As illus-
trated in FIG. 2, the lane boundary lines detected using
the first boundary line detection function are not limited
to the lanes around the subject vehicle, and the first
boundary line detection function can also serve to detect
lane boundary lines of lanes, for example, on the planned
travel route of the subject vehicle.
[0020] The control device 160 uses the second bound-
ary line detection function to detect lane boundary lines
of lanes around the subject vehicle on the basis of the
detection results by the ambient detection sensor 110.
For example, the second boundary line detection function
can serve to detect the lane boundary lines of lanes
around the subject vehicle through capturing images of
lane marks and curbstones existing around the subject
vehicle using the front camera, side cameras or rear cam-
era and analyzing the captured images. In addition or
alternatively, the second boundary line detection function
can serve to detect the lane boundary lines of lanes
around the subject vehicle through detecting the bright-
ness of the road surface and lane marks around the sub-
ject vehicle using a laser range finder or detecting pro-
trusions of curbstones by distance measurement.
[0021] On general roads that include many curves and
intersections, it is difficult to estimate the directions in
which lane marks and curbstones exist, and the resolu-
tion of the cameras is limited. The range in which the
cameras can detect the lane marks and curbstones with
a high degree of accuracy is therefore a range of about
several tens of meters from the cameras. A laser range
finder can also be used to identify the lane marks and
curbstones. In this case, however, the laser range finder
has to be installed downward in order to detect the bright-
ness of the lane marks drawn on the road surface and
detect small protrusions of curbstones. Accordingly, also
in the case of using a laser range finder, the range in
which the laser range finder can detect the lane marks
and curbstones with a high degree of accuracy is a range

of about several tens of meters from the laser range find-
er. Thus, as illustrated in FIG. 2, the range in which the
second boundary line detection function can serve to de-
tect the lane boundary lines is a range of about several
tens of meters from the subject vehicle, that is, a range
around the subject vehicle.
[0022] The control device 160 uses the boundary line
integration function to integrate the lane boundary lines
detected using the first boundary line detection function
and the lane boundary lines detected using the second
boundary line detection function to generate lane bound-
ary lines of lanes including the lane in which the subject
vehicle travels. Here, as illustrated in FIG. 3, the range
in which the second boundary line detection function can
serve to detect the lane boundary lines with a high degree
of accuracy is a range around the subject vehicle, and
as the distance from the subject vehicle increases, the
accuracy in detection of the lane boundary lines lowers.
In the present embodiment, therefore, the outside of the
range in which the second boundary line detection func-
tion can serve to detect the lane boundary lines is com-
plemented with the lane boundary lines detected by the
first boundary line detection function.
[0023] However, unfortunately, the detection error of
the position of the subject vehicle due to the subject ve-
hicle position detection device 120 may cause an error,
as illustrated in FIG 2, between the actual position of the
subject vehicle (indicated by broken lines in the figure)
and the position of the subject vehicle (indicated by solid
lines in the figure) based on the detection result by the
subject vehicle position detection device 120. In this
case, as illustrated in FIG. 3, shifts occur between the
lane boundary lines around the position of the subject
vehicle on the map and the lane boundary lines around
the subject vehicle based on the detection results by the
ambient detection sensor 110. As illustrated in FIG. 3,
therefore, lane boundary lines adapted to the actual lane
boundary lines cannot be generated merely by integrat-
ing the outside of the range, in which the second bound-
ary line detection function can serve to detect the lane
boundary lines, with the lane boundary lines detected
using the first boundary line detection function.
[0024] The boundary line integration function therefore
serves to complement the lane boundary lines detected
by the ambient detection sensor 110 with the lane bound-
ary lines based on the map information so that, as illus-
trated in FIG. 4, the lane boundary lines detected by the
ambient detection sensor 110 coincide with the lane
boundary lines based on the map information. Through
this operation, as illustrated in FIG. 4, the position of the
subject vehicle based on the detection result by the am-
bient detection sensor 110 can be located at an appro-
priate position on the map. In addition, as illustrated in
FIG. 4, the lane boundary lines can be appropriately per-
ceived even in a range outside the detection range of the
ambient detection sensor 110.
[0025] The boundary line integration function serves
to integrate a lane boundary line based on the detection
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result by the ambient detection sensor 110 and a lane
boundary line based on the map information when the
degree of coincidence between these lane boundary
lines is not less than a predetermined value. The bound-
ary line integration function can serve to determine the
degree of coincidence between these lane boundary
lines, for example, by an iterative closest point (ICP)
scheme. The ICP refers to an algorism employed to align
a "cloud of points representing a lane boundary line de-
tected by the ambient detection sensor 110" and a "cloud
of points representing a lane boundary line possessed
by the map information" on the basis of the least-square
method. When a determination is made that the degree
of coincidence between the lane boundary lines is not
less than the predetermined value, the boundary line in-
tegration function serves to complement the lane bound-
ary line based on the detection result by the ambient de-
tection sensor 110 with the lane boundary line based on
the map information.
[0026] On the other hand, when the degree of coinci-
dence between the lane boundary lines is less than the
predetermined value, the boundary line integration func-
tion serves to estimate the position of the subject vehicle
on the map on the basis of the detection result by the
ambient detection sensor 110. Then, the boundary line
integration function serves to detect lane boundary lines
of a lane including the position of the subject vehicle on
the map from the map information and arrange the posi-
tion of the subject vehicle between the lane boundary
lines based on the map information. Thus, when the de-
gree of coincidence between the lane boundary lines is
less than the predetermined value, the boundary line in-
tegration function serves to set the lane boundary lines
around the subject vehicle using the lane boundary lines
based on the map information rather than using the lane
boundary lines based on the detection results by the am-
bient detection sensor 110.
[0027] The control device 160 uses the surrounding
vehicle detection function to detect the position and ve-
hicle speed of a surrounding vehicle existing around the
subject vehicle. Specifically, the surrounding vehicle de-
tection function can serve to detect the position of a sur-
rounding vehicle existing around the subject vehicle on
the basis of an image captured by any of the front camera,
side cameras, and rear camera which constitute the am-
bient detection sensor 110 or on the basis of the detection
result by the laser range finder. In addition or alternative-
ly, the surrounding vehicle detection function can serve
to analyze the type of a moving object, for example, from
the image information captured by the cameras thereby
to identify a pedestrian, bicycle, car, or the like. In addition
or alternatively, the surrounding vehicle detection func-
tion can serve to obtain the vehicle speed (absolute
speed) of a surrounding vehicle on the basis of the
amount of change in the relative position of the surround-
ing vehicle with respect to the position of the subject ve-
hicle and the vehicle speed of the subject vehicle.
[0028] The control device 160 uses the travel direction

determination function to determine whether or not the
direction of travel in the lane in which a surrounding ve-
hicle has traveled coincides with the traveling direction
of the surrounding vehicles. In the present embodiment,
the travel direction determining function serves to deter-
mine that the direction of travel in a lane coincides with
the traveling direction of a surrounding vehicle when the
subject vehicle is traveling straight ahead or stopped and
determine that the direction of travel in the lane does not
coincide with the traveling direction of the surrounding
vehicle when the subject vehicle is changing directions.
FIG. 5 exemplifies a scene in which the subject vehicle
is changing lanes (changing directions). As illustrated in
FIG. 5, when a surrounding vehicle is detected while the
subject vehicle is changing directions, an error may occur
in the detection result of the surrounding vehicle by the
ambient detection sensor 110 as the yaw rate is gener-
ated due to the direction change of the subject vehicle.
For example, as illustrated in FIG. 5, even in a case in
which the surrounding vehicle is actually traveling
straight ahead in a lane A, when the subject vehicle is
changing lanes, the surrounding vehicle may be detected
as if it travels in a direction of deviating from the lane A.
When the subject vehicle is changing directions as illus-
trated in FIG. 5, therefore, the travel direction determi-
nation function serves to determine that the direction of
travel in the lane (the direction of traveling straight ahead
in FIG. 5) does not coincide with the traveling direction
of the surrounding vehicle (the direction of deviating from
the lane A in FIG. 5) because these directions are highly
liable not to coincide with each other.
[0029] The control device 160 uses the surrounding
vehicle relocation function to estimate the lane in which
a surrounding vehicle is to travel, on the basis of the
determination result by the travel direction determination
function and arrange the position of the surrounding ve-
hicle at a position in the estimated lane on the map. For
example, when the subject vehicle is traveling straight
ahead or stopped and a determination is made that the
direction of travel in a lane coincides with the traveling
direction of a moving object, the surrounding vehicle re-
location function serves to estimate that the position of
the surrounding vehicle detected by the ambient detec-
tion sensor 110 represents the lane in which the sur-
rounding vehicle travels and arrange the position of the
surrounding vehicle at the estimated position of the sur-
rounding vehicle on the map. This is because, when the
subject vehicle is traveling straight ahead or stopped, the
detection error in the position of the surrounding vehicle
due to generation of the yaw rate of the subject vehicle
is small and the reliability of the detection result by the
ambient detection sensor 110 is high.
[0030] On the other hand, when the subject vehicle is
changing directions as illustrated in FIG. 5 and a deter-
mination is made that the direction of travel in a lane does
not coincide with the traveling direction of a moving ob-
ject, the surrounding vehicle relocation function serves
to estimate a position obtained by moving the surround-
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ing vehicle in the direction of travel in the lane in which
the surrounding vehicle has traveled, as the position of
the surrounding vehicle. For example, in the example
illustrated in FIG. 5, the direction of travel in the lane A
in which the surrounding vehicle has traveled is a direc-
tion of traveling straight ahead and, therefore, the sur-
rounding vehicle relocation function serves to estimate
a position obtained by moving the surrounding vehicle in
the direction of traveling straight ahead in the lane A, as
the position of the surrounding vehicle. Then, the sur-
rounding vehicle relocation function serves to arrange
the position of the surrounding vehicle at a position on
the map corresponding to the estimated position of the
surrounding vehicle thereby to relocate the position of
the surrounding vehicle in the lane A. Through this op-
eration, the lane in which the surrounding vehicle travels
can be appropriately perceived.
[0031] Specifically, the surrounding vehicle relocation
function serves first to detect the direction of travel in a
lane in which the surrounding vehicle has traveled, from
the map information stored in the map database 130. In
the present embodiment, as illustrated in FIG. 6, the map
information includes link information corresponding to
each lane. In the example illustrated in FIG. 6, links of
lanes A to C in which surrounding vehicles A to C travel
are all extending in the directions of traveling straight
ahead. The surrounding vehicle relocation function can
therefore estimate that the directions of travel in the lanes
A to C are directions of traveling straight ahead. As will
be understood from the figure, the link of a lane F in which
the subject vehicle travels connects to the link of the lane
A via a node of the lane F and a node of the lane A and
also connects to the link of a lane E via the node of the
lane F and a node of a lane E. In this case, the surrounding
vehicle relocation function can serve to estimate the di-
rections of travel in the lane F in which the subject vehicle
travels as directions of "traveling straight ahead" and
"turning left." Then, the surrounding vehicle relocation
function serves to estimate the estimated direction of
travel in a lane as the traveling direction of a surrounding
vehicle. This is because the surrounding vehicle is highly
liable to travel without changing directions in the lane in
which the surrounding vehicle has traveled. Through this
operation, in the example illustrated in FIG. 5, for exam-
ple, the surrounding vehicle relocation function can de-
termine that the surrounding vehicle travels in the direc-
tion of travel in the lane (direction of traveling straight
ahead) in which the surrounding vehicle is traveling and
arrange the position of the surrounding vehicle in the di-
rection of traveling straight ahead in the lane A.
[0032] In addition or alternatively, the surrounding ve-
hicle relocation function can serve to estimate the lane
in which a surrounding vehicle has traveled and the mov-
ing amount of the surrounding vehicle on the basis of the
history of positions of the surrounding vehicle before the
subject vehicle changes directions. Then, the surround-
ing vehicle relocation function serves to arrange the po-
sition of the surrounding vehicle at a position obtained

by moving the surrounding vehicle from the previously-
estimated position of the surrounding vehicle by the mov-
ing amount of the surrounding vehicle in the direction of
travel in the lane in which the surrounding vehicle has
traveled. Through this operation, as illustrated in FIG. 5,
the position of the surrounding vehicle (indicated by bro-
ken lines in FIG. 5) based on the detection result by the
ambient detection sensor 110 can be appropriately cor-
rected to the position (indicated by solid lines in FIG. 5)
in the lane in which the surrounding vehicle is actually
traveling.
[0033] A travel control process according to the first
embodiment will now be described with reference to FIG.
7. FIG. 7 is a flowchart illustrating the travel control proc-
ess according to the first embodiment. The travel control
process described below is executed by the control de-
vice 160.
[0034] In step S101, the route search function serves
to detect the current position of the subject vehicle. In
step S102, the route search function serves to determine
whether or not to search for a planned travel route. For
example, when the current position of the subject vehicle
acquired in step S101 is not present on the planned travel
route which is preliminarily set, the route search function
serves to determine to search for a planned travel route,
and the routine proceeds to step S103. On the other
hand, when the current position of the subject vehicle is
present on the planned travel route which is preliminarily
set, the routine jumps to step S104 without performing
the process of step S103. In addition or alternatively,
when the lane in which the subject vehicle travels is spec-
ified, the route search function may serve to determine
whether or not the subject vehicle is traveling in a lane
that allows the subject vehicle to travel on the planned
travel route. When the subject vehicle is not traveling in
a lane that allows the subject vehicle to travel on the
planned travel route, the route search function can serve
to determine to change the planned travel route.
[0035] In step S103, the route search function serves
to search for a planned travel route from the current po-
sition of the subject vehicle to the destination on the basis
of the positional information of the subject vehicle ac-
quired in step S101. The route search function may
search for a planned travel route not only on the basis of
the road on which the subject vehicle travels but also on
the basis of the lane in which the subject vehicle travels.
For example, the route search function can serve to de-
termine the planned travel route of the subject vehicle at
a lane level by a scheme using a graph search algorithm,
such as Dijkstra’s algorithm and A* search algorithm. In
the present embodiment, the map database 130 stores
the map information which includes, for example, infor-
mation on links and nodes of each lane. The links are
preliminarily weighted in accordance with the travel dis-
tance, road situation, etc. of each lane (for example, the
weighting of links increases as the distance increases or
the road situation deteriorates). The route search func-
tion further serves to specify a lane that is suitable for
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the travel route to the destination and correct the weight-
ing of links of the specified lane. For example, when right
turn is required to arrive at the destination, the weighting
of links of the lane for right turn can be corrected to de-
crease. The route search function can serve to search
for a planned travel route that is a route at a lane level in
which the total sum of weighting of links is minimum in
the lane from the current position of the subject vehicle
to the destination, using a graph search algorithm such
as Dijkstra’s algorithm and A* search algorithm.
[0036] In step S104, the first boundary line detection
function serves to perform detection of lane boundary
lines based on the map information. In the present em-
bodiment, the map information, which is stored in the
map database 130, includes information on the lane
boundary lines of each lane. The first boundary line de-
tection function can therefore serve to refer to the map
information stored in the map database 130 and thereby
to detect the lane boundary lines of lanes including the
subject vehicle lane, as illustrated in FIG. 2.
[0037] In step S105, the second boundary line detec-
tion function serves to perform detection of lane boundary
lines on the basis of the detection results by the ambient
detection sensor 110. As illustrated in FIG. 3, the range
in which the ambient detection sensor 110 can detect the
lane boundary lines is a range of a certain distance (e.g.
several tens of meters) from the subject vehicle, that is,
a range around the subject vehicle.
[0038] In step S106, the boundary line integration func-
tion serves to perform determination of the degree of co-
incidence between a lane boundary line detected in step
S104 based on the map information and a lane boundary
line detected in step S105 based on the detection result
by the ambient detection sensor 110. When the degree
of coincidence is not less than a predetermined value,
the routine proceeds to step S107, while when the degree
of coincidence is less than the predetermined value, the
routine proceeds to step S108. For example, in the ex-
ample illustrated in FIG. 3, small shifts occur between
the lane boundary lines based on the map information
and the lane boundary lines based on the detection re-
sults by the ambient detection sensor 110. However, a
determination is made that the degree of coincidence is
not less than the predetermined value, by an appropriate
scheme such as an ICP scheme, and the routine pro-
ceeds to step S107.
[0039] In step S107, the boundary line integration func-
tion serves to perform a process of complementing the
lane boundary lines based on the detection results by
the ambient detection sensor 110 with the lane boundary
lines based on the map information. Specifically, the
boundary line integration function serves to complement
a range outside the range in which the ambient detection
sensor 110 can detect the lane boundary lines, with the
lane boundary lines based on the map information. In
addition or alternatively, the boundary line integration
function serves to adjust the positions of the lane bound-
ary lines based on the map information for the integration

so that so that the lane boundary lines based on the de-
tection results by the ambient detection sensor 110 co-
incide with the lane boundary lines based on the map
information. Through this operation, as illustrated in FIG.
4, the position of the subject vehicle on the map can be
appropriately detected. Moreover, as illustrated in FIG.
4, the shape of the road on which the subject vehicle is
to travel from that time, the position of the subject vehicle
on the planned travel route, and the like can be appro-
priately perceived because the lane boundary lines can
be appropriately detected even in the range outside the
range in which the ambient detection sensor 110 can
detect the lane boundary lines.
[0040] On the other hand, when, in step S106, a de-
termination is made that the degree of coincidence be-
tween a lane boundary line based on the map information
and a lane boundary line based on the detection result
by the ambient detection sensor 110 is less than the pre-
determined value, the routine proceeds to step S108. In
step S108, the boundary line integration function serves
to estimate the position of the subject vehicle on the map
on the basis of the detection result by the ambient de-
tection sensor 110. For example, the boundary line inte-
gration function can serve to estimate the current position
of the subject vehicle on the basis of the planned travel
route of the subject vehicle searched in step S103 and
the speed of the subject vehicle.
[0041] Then, in step S109, the boundary line integra-
tion function serves to detect the lane boundary lines of
a lane that includes the estimated position of the subject
vehicle on the map, from the map information. Through
this operation, the lane in which the subject vehicle trav-
els and the position of the subject vehicle on the planned
travel route can be appropriately perceived from the lane
boundary lines of the lane which includes the position of
the subject vehicle on the map.
[0042] In steps S110 to S114, a process is performed
to arrange the position of a surrounding vehicle in the
lane detected in step S107 or step S109. First, in step
S110, the surrounding vehicle detection function serves
to detect the position and vehicle speed of the surround-
ing vehicle. The surrounding vehicle detection function
serves also to detect the moving amount of the surround-
ing vehicle from the time of the previous process on the
basis of the position of the surrounding vehicle at the time
of the previous process and the position and vehicle
speed of the surrounding vehicle which are detected at
the present time.
[0043] In step S111, the travel direction determination
function serves to determine whether or not the subject
vehicle is changing directions. When the subject vehicle
is changing directions, such as when changing lanes, the
travel direction determination function serves to deter-
mine that the traveling direction of a surrounding vehicle
does not coincide with the direction of travel in a lane,
and the routine proceeds to step S112. On the other
hand, when the subject vehicle is traveling straight ahead
or stopped, the travel direction determination function
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serves to determine that the traveling direction of a sur-
rounding vehicle coincides with the direction of travel in
a lane, and the routine proceeds to step S114. Thus, in
the present embodiment, whether or not the subject ve-
hicle is changing directions is determined thereby to
make a determination whether or not the traveling direc-
tion of a surrounding vehicle conflicts with the direction
of travel in a lane. When the traveling direction of a sur-
rounding vehicle does not coincide with the direction of
travel in a lane, that is, when the traveling direction of the
surrounding vehicle conflicts with the direction of travel
in the lane, a determination is made that an error occurs
in the position of the surrounding vehicle detected by the
ambient detection sensor 110, and the routine proceeds
to step S112 to correct the position of the surrounding
vehicle.
[0044] In step S112, the surrounding vehicle relocation
function serves to estimate the traveling direction of a
surrounding vehicle. For example, the surrounding vehi-
cle relocation function serves to detect the direction of
travel in a lane in which the surrounding vehicle has
traveled, on the basis of the link information included in
the road information and estimate the detected direction
of travel in the lane as the traveling direction of the sur-
rounding vehicle. In the example illustrated in FIG. 5, for
example, the surrounding vehicle travels in the lane A
and the direction of travel in the lane A is the direction of
traveling straight ahead, and the surrounding vehicle re-
location function can therefore serve to estimate the di-
rection of traveling straight ahead in the lane A as the
traveling direction of the surrounding vehicle.
[0045] In step S113, the surrounding vehicle relocation
function serves to perform a process of arranging the
position of a surrounding vehicle on the map on the basis
of the traveling direction of the surrounding vehicle esti-
mated in step S112. Specifically, the surrounding vehicle
relocation function serves to estimate a position obtained
by moving the surrounding vehicle in the traveling direc-
tion of the surrounding vehicle from the position of the
surrounding vehicle at the time of the previous process
by the moving amount from the previous process, as the
position of the surrounding vehicle. Then, the surround-
ing vehicle relocation function serves to arrange the po-
sition of the surrounding vehicle at a position on the map
corresponding to the estimated position of the surround-
ing vehicle.
[0046] On the other hand, when, in step S111, the sur-
rounding vehicle relocation function serves to determine
that the subject vehicle is traveling straight ahead or
stopped and the direction of travel in a lane coincides
with the traveling direction of a moving object, the routine
proceeds to step S114. In step S114, the surrounding
vehicle relocation function serves to perform a process
of arranging the position of the surrounding vehicle at the
position of the surrounding vehicle on the map detected
in step S110. That is, the surrounding vehicle relocation
function serves to estimate the position of the surround-
ing vehicle detected by the ambient detection sensor 110

as the position of the surrounding vehicle and arrange
the position of the surrounding vehicle at a position on
the map corresponding to the estimated position of the
surrounding vehicle (i.e. the position of the surrounding
vehicle detected by the ambient detection sensor 110).
[0047] As described above, in the first embodiment,
when the subject vehicle is changing directions, a deter-
mination is made that the direction of travel in a lane in
which a surrounding vehicle has traveled does not coin-
cide with the traveling direction of the surrounding vehi-
cle, and a position obtained by moving the surrounding
vehicle in the direction of travel in the lane in which the
surrounding vehicle has traveled is estimated as the po-
sition of the surrounding vehicle. Through this operation,
the lane in which the surrounding vehicle actually travels
can be estimated even when the direction change of the
subject vehicle causes a detection error in the position
of the surrounding vehicle detected by the ambient de-
tection sensor 110 and, as illustrated in FIG. 5, the sur-
rounding vehicle is erroneously detected in a lane differ-
ent from the lane in which the surrounding vehicle has
traveled.
[0048] Moreover, in the first embodiment, the moving
amount of a surrounding vehicle is estimated on the basis
of the history of positions of the surrounding vehicle, and
a position obtained by moving the surrounding vehicle in
the traveling direction of the surrounding vehicle from the
previously-estimated position of the surrounding vehicle
by the moving amount of the surrounding vehicle is es-
timated as the position of the surrounding vehicle.
Through this operation, not only the position of the sur-
rounding vehicle at a lane level but also the position of
the surrounding vehicle in its traveling direction can be
appropriately estimated.
[0049] Furthermore, in the first embodiment, lane
boundary lines of a lane that includes the subject vehicle
lane are generated on the map on the basis of the lane
boundary lines based on the detection results by the am-
bient detection sensor 110 and the lane boundary lines
based on the map information. Specifically, when the de-
gree of coincidence between a lane boundary line around
the subject vehicle based on the detection result by the
ambient detection sensor 110 and a lane boundary line
around the subject vehicle based on the map information
is not less than a predetermined value, the lane boundary
line around the subject vehicle based on the detection
result by the ambient detection sensor 110 is comple-
mented with the lane boundary line of a lane that includes
the subject vehicle lane and is based on the map infor-
mation. That is, a range outside the range in which the
ambient detection sensor 110 can detect lane boundary
lines is complemented with the lane boundary lines
based on the map information because the range in which
the ambient detection sensor 110 can detect lane bound-
ary lines is smaller than the range of lane boundary lines
based on the map information. Through this operation,
as illustrated in FIG. 4, lane boundary lines can be ap-
propriately detected even in the outside of the range in
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which the ambient detection sensor 110 can detect the
lane boundary lines, and it is thus possible to appropri-
ately perceive the shape of the road on which the subject
vehicle is to travel from that time, the position of the sub-
ject vehicle on the planned travel route, and the like.
Moreover, even when a detection error occurs in the po-
sition of the subject vehicle detected by the subject ve-
hicle position detection device 120, the lane in which the
subject vehicle travels can be appropriately estimated,
as illustrated in FIG. 4, and the position of the subject
vehicle can be arranged in an appropriate lane on the
map.
[0050] In addition, in the first embodiment, when the
degree of coincidence between a lane boundary line of
the subject vehicle lane based on the detection result by
the ambient detection sensor 110 and a lane boundary
line of the subject vehicle lane based on the map infor-
mation is less than a predetermined value, the position
of the subject vehicle on the map is estimated on the
basis of the detection result by the ambient detection
sensor 110, and the lane boundary line of a lane that
includes the estimated position of the subject vehicle on
the map is complemented with the lane boundary line
detected from the map information. Through this opera-
tion, even when the degree of coincidence between a
lane boundary line of the subject vehicle lane based on
the detection result by the ambient detection sensor 110
and a lane boundary line of the subject vehicle lane based
on the map information is less than the predetermined
value, that is, even when the lane boundary line of the
subject vehicle lane based on the detection result by the
ambient detection sensor 110 cannot be integrated with
the lane boundary line of the subject vehicle lane based
on the map information, lane boundary lines of lanes
around the subject vehicle can be appropriately detected.

«Second Embodiment»

[0051] A travel control apparatus 100 according to a
second embodiment of the present invention will then be
described. The travel control apparatus 100 has the
same configuration as that in the first embodiment except
that it operates as follows.
[0052] The control device 160 according to the second
embodiment uses the surrounding vehicle relocation
function to estimate the lane in which a surrounding ve-
hicle travels, on the basis of the direction of travel in each
lane of a road on which the surrounding vehicle travels
and the lighting state of a winker of the surrounding ve-
hicle and arrange the position of the surrounding vehicle
in the estimated lane.
[0053] FIG. 8 is a view exemplifying a scene in which
the subject vehicle enters a T-shaped intersection. In the
example illustrated in FIG. 8, a surrounding vehicle A is
actually traveling in a lane A, but the surrounding vehicle
A is detected between the lane A and another lane B due
to the detection error of the ambient detection sensor
110. In addition, another surrounding vehicle B is actually

traveling in a lane E, but the surrounding vehicle B is
detected in a lane D in which travel is permitted in the
opposite direction to the traveling direction of the sur-
rounding vehicle B due to the detection error of the am-
bient detection sensor 110.
[0054] When arranging the position of the surrounding
vehicle A on the map, the surrounding vehicle relocation
function serves to detect the direction of travel in each
lane of a road on which the surrounding vehicle A travels.
Specifically, the surrounding vehicle relocation function
serves to detect the direction of travel in each lane of a
road on which the surrounding vehicle A travels, on the
basis of the link information of each lane of the road on
which the surrounding vehicle A travels. FIG. 9 is a view
illustrating an example of the link and node of each lane
in the scene illustrated in FIG. 8. For example, in the
example illustrated in FIG. 9, the link of the lane A con-
nects only to the link of a lane C in the left-turn direction
via the node of the lane A and the node of the lane C.
The surrounding vehicle relocation function can therefore
serve to determine that the direction of travel in the lane
A is the direction of "turning left." On the other hand, the
link of the lane B connects only to the link of a lane D in
the direction of traveling straight ahead via the node of
the lane B and the node of the lane D. The surrounding
vehicle relocation function can therefore serve to deter-
mine that the direction of travel in the lane B is the direc-
tion of "traveling straight ahead."
[0055] As illustrate in FIG. 8 and FIG. 9, the lane A is
an exclusive lane for turning left while the lane B is an
exclusive lane for traveling straight ahead. The surround-
ing vehicle relocation function can therefore serve to de-
termine that a surrounding vehicle exists within a lane
change prohibition zone, on the basis of traffic rule infor-
mation that prohibits lane change between an exclusive
lane for turning left or exclusive lane for turning right and
an exclusive lane for traveling straight ahead near an
intersection. Such traffic rule information is stored in a
memory of the control device 160.
[0056] In addition or alternatively, the surrounding ve-
hicle relocation function serves to detect the lighting state
of the winker of a surrounding vehicle. For example, the
surrounding vehicle relocation function can serve to de-
tect the lighting state of the winker of a surrounding ve-
hicle using the front camera which captures images
ahead of the subject vehicle, the rear camera which cap-
tures images behind the subject vehicle, or the like. In
the example illustrated in FIG. 8, for example, the sur-
rounding vehicle relocation function can serve to detect
that "the left-side winker is blinking" as the lighting state
of the winker of the surrounding vehicle A.
[0057] Then, the surrounding vehicle relocation func-
tion serves to arrange the position of a surrounding ve-
hicle in an appropriate lane on the basis of the direction
of travel in each lane of the road on which the surrounding
vehicle travels and the lighting state of the winker of the
surrounding vehicle. In the example illustrated in FIG. 8,
for example, the direction of travel in the lane B is the
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direction of "traveling straight ahead" while the direction
of travel in the lane A is the direction of "turning left," and
the left-side winker of the surrounding vehicle A is blink-
ing. The surrounding vehicle relocation function can
therefore determine that the lane in which the surround-
ing vehicle A travels is the lane A which is an exclusive
lane for turning left. Accordingly, the surrounding vehicle
relocation function serves to estimate that the lane in
which the surrounding vehicle A travels is the lane A and
arrange the position of the surrounding vehicle A in the
lane A on the map.
[0058] In an alternative configuration, when the sur-
rounding vehicle A travels in a lane change prohibition
zone as illustrated in FIG. 8, the surrounding vehicle re-
location function may serve to arrange the position of the
surrounding vehicle in the lane A in which the position of
the surrounding vehicle A is arranged at the time of the
previous process, without estimating the lane in which
the surrounding vehicle A travels. In the example illus-
trated in FIG. 8, for example, when the surrounding ve-
hicle A is traveling in the lane change prohibition zone,
after once arranging the position of the surrounding ve-
hicle A in the lane A, the surrounding vehicle relocation
function can serve to arrange the position of the surround-
ing vehicle A in the lane A while the surrounding vehicle
A is traveling in the lane change prohibition zone.
[0059] A method of arranging the position of the sur-
rounding vehicle B will then be described. In the example
illustrated in FIG. 8, the surrounding vehicle B is detected
in the lane D which permits travel in the opposite direction
to the traveling direction of the surrounding vehicle B. On
the other hand, in addition to the lane D, lanes E and F
exist on the road on which the surrounding vehicle B trav-
els. As illustrated in FIG. 9, the link of the lane E connects
to the link of a lane G in the direction of traveling straight
ahead via the node of the lane E and the node of the lane
G and connects also to the link of the lane C in the direc-
tion of turning right via the node of the lane E and the
node of the lane C. The surrounding vehicle relocation
function can therefore serve to determine that the direc-
tion of travel in the lane E is the direction of "traveling
straight ahead" or "turning right." The link of the lane F
connects only to the link of a lane H in the direction of
traveling straight ahead via the node of the lane F and
the node of the lane H. The surrounding vehicle relocation
function can therefore serve to determine that the direc-
tion of travel in the lane F is the direction of "traveling
straight ahead."
[0060] In addition or alternatively, in the example illus-
trated in FIG. 8, the surrounding vehicle relocation func-
tion serves to detect "unlit" as the lighting state of the
winker of the surrounding vehicle B. Then, on the basis
of the detection results of the directions of travel in the
lanes E and F, the surrounding vehicle relocation function
serves to estimate that the possibility of wrong-way
traveling of the surrounding vehicle B in the lane D is low
and the surrounding vehicle B travels in the lane E or F
and arrange the position of the surrounding vehicle B in

the lane E or F on the map.
[0061] FIG. 10 exemplifies a scene in which the subject
vehicle turns right (changes directions) in the T-shaped
intersection in the scene illustrated in FIG. 9. As illustrat-
ed in FIG. 10, when the subject vehicle is changing di-
rections, the attitude angle of the subject vehicle varies
to generate a yaw rate. This may deteriorate the reliability
of detection results of the position and speed of a sur-
rounding vehicle by the ambient detection sensor 110,
and the position of a surrounding vehicle may be detected
at a position different from the actual position of the sur-
rounding vehicle. According to the second embodiment,
even in such a case, the surrounding vehicle relocation
function can serve to estimate the lane in which a sur-
rounding vehicle travels and arrange the position of the
surrounding vehicle in the estimated lane, on the basis
of the direction of travel in each lane of the road on which
the surrounding vehicle travels and the lighting state of
the winker of the surrounding vehicle. Through this op-
eration, in the example illustrated in FIG. 10, the sur-
rounding vehicle relocation function can serve to arrange
the position of the surrounding vehicle A in the lane A
and arrange the position of the surrounding vehicle B in
the lane E.
[0062] A travel control process according to the second
embodiment will then be described with reference to FIG.
11. FIG. 11 is a flowchart illustrating the travel control
process according to the second embodiment. Steps
S101 to S110 in the second embodiment are the same
as those in the first embodiment, and the description
thereof will be omitted.
[0063] That is, step S201 follows step S110 in which
the position and speed of a surrounding vehicle are de-
tected. In step S201, the travel direction determination
function serves to determine whether or not the subject
vehicle is traveling straight ahead or changing directions.
When the subject vehicle is stopped, the reliability of de-
tection results of the position and speed of a surrounding
vehicle is high, so the routine proceeds to step S113 in
which a process is performed such that the position of
the surrounding vehicle is arranged at a position on the
map corresponding the detected position of the surround-
ing vehicle. When the subject vehicle is traveling straight
ahead or changing directions, the reliability of detection
results of the position and speed of a surrounding vehicle
is low, so the routine proceeds to step S202 to appropri-
ately estimate the lane in which the surrounding vehicle
travels.
[0064] In step S202, the surrounding vehicle relocation
function serves to detect the direction of travel in each
lane of the road on which a surrounding vehicle travels.
For example, the surrounding vehicle relocation function
can serve to acquire information on the link and node of
each lane of the road on which a surrounding vehicle
travels, as illustrated in FIG. 9, from the map database
130 and detect the direction of travel in each lane on the
basis of the acquired information on the links and nodes.
The surrounding vehicle relocation function serves also
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to determine whether or not a surrounding vehicle is
traveling in a lane change prohibition zone from the in-
formation on the direction of travel in each lane.
[0065] In step S203, the surrounding vehicle relocation
function serves to detect the lighting state of the winker
of a surrounding vehicle. The surrounding vehicle relo-
cation function can detect the lighting state of the winker
of a surrounding vehicle, for example, using the front
camera which captures images ahead of the subject ve-
hicle.
[0066] In step S204, the surrounding vehicle relocation
function serves to estimate the position of a surrounding
vehicle on the basis of the direction of travel in each lane
of the road on which the surrounding vehicle travels and
the lighting state of the winker of the surrounding vehicle.
Then, in step S205, the surrounding vehicle relocation
function serves to arrange the position of the surrounding
vehicle at a position on the map corresponding to the
position of the surrounding vehicle which is estimated in
step S205.
[0067] In the example illustrated in FIG. 8, for example,
the subject vehicle is traveling straight ahead to enter the
intersection (step S201=Yes). In this case, the surround-
ing vehicle relocation function serves to detect the direc-
tions of travel in the lanes A and B of the road on which
the surrounding vehicle A travels as directions of turning
left and traveling straight ahead, respectively, and detect
that the surrounding vehicle A exists in a lane change
prohibition zone (step S202). The surrounding vehicle
relocation function serves also to detect that the sur-
rounding vehicle A is blinking the left-side winker (step
S203). Through this operation, the surrounding vehicle
relocation function serves to estimate that the surround-
ing vehicle A exists in the lane A which is a exclusive
lane for turning left (step S204) and arrange the position
of the surrounding vehicle A in the lane A on the map
(step S205).
[0068] In addition, the surrounding vehicle relocation
function serves to detect the directions of travel in the
lanes E and F of the road on which the surrounding ve-
hicle B travels as directions of "traveling straight ahead
or turning right" and "traveling straight ahead," respec-
tively (step S202). The surrounding vehicle relocation
function serves also to detect that the surrounding vehicle
B is not blinking the winker (step S203). The surrounding
vehicle relocation function serves further to determine
that the possibility of wrong-way traveling of the sur-
rounding vehicle B in the lane D is low and estimate that
the surrounding vehicle B is travelling in the lane E or F
which permits to travel straight ahead (step S204). The
surrounding vehicle relocation function therefore serves
to arrange the position of the surrounding vehicle B in
the lane E or F (step S205). In this operation, as illustrated
in FIG. 8, the surrounding vehicle relocation function can
serve to arrange the position of the surrounding vehicle
B in a lane of the lanes E and F that is nearer to the
position at which the surrounding vehicle B is detected
by the ambient detection sensor 110.

[0069] As described above, in the second embodi-
ment, the lane in which a surrounding vehicle travels is
estimated on the basis of the lighting state of the winker
of the surrounding vehicle and the direction of travel in
each lane of the road on which the surrounding vehicle
travels, and the position of the surrounding vehicle is ar-
ranged at a position on the map corresponding to the
estimated lane. Through this operation, in the second
embodiment, the lane in which the surrounding vehicle
travels can be more appropriately estimated with consid-
eration for the direction of travel in each lane of the road
on which the surrounding vehicle travels, and the position
of the surrounding vehicle can be arranged at an appro-
priate position on the map.
[0070] Moreover, in the second embodiment, a deter-
mination is made as to whether or not a surrounding ve-
hicle is traveling in a lane change prohibition zone, on
the basis of the direction of travel in each lane of the road
on which the surrounding vehicle travels, and when the
surrounding vehicle is traveling in a lane change prohi-
bition zone, the position of the surrounding vehicle is es-
timated in the same lane. Through this operation, the
lane in which the surrounding vehicle travels can be ap-
propriately estimated in accordance with the traffic rule
applied to the lane change prohibition zone, and the po-
sition of the surrounding vehicle can be arranged at an
appropriate position on the map.
[0071] Furthermore, in the second embodiment, when
the subject vehicle is changing directions or traveling
straight ahead, a determination is made that the traveling
direction of a surrounding vehicle does not coincide with
the direction of travel in a lane, and the position of ar-
ranging the surrounding vehicle is corrected. This allows
the position of the surrounding vehicle to be arranged at
an appropriate position even in a scene in which the de-
tection accuracy of the position and speed of the sur-
rounding vehicle deteriorates because the subject vehi-
cle is traveling.

«Third Embodiment»

[0072] A travel control apparatus 100 according to a
third embodiment of the present invention will then be
described. The travel control apparatus 100 has the
same configuration as that in the first embodiment except
that it operates as follows.
[0073] In the third embodiment, the control device 160
uses the surrounding vehicle relocation function to de-
termine the positions of the subject vehicle and surround-
ing vehicle on the map on the basis of road indicators
and road shapes (including road curves). The road indi-
cators refer to those, such as stop lines, traffic signs,
traffic lights and fire hydrants, which are fixed on a road
surface or in the vicinity of the road surface and can be
indicators. The road shape refers to the shape of a road,
such as a curve.
[0074] The surrounding vehicle relocation function
serves to detect road indicators and road shapes on the

19 20 



EP 3 358 545 A1

12

5

10

15

20

25

30

35

40

45

50

55

basis of the detection results by the camera or laser range
finder which constitutes the ambient detection sensor
110. The surrounding vehicle relocation function also
serves to detect road indicators and road shapes from
the map information. In the present embodiment, the map
information stored in the map database 130 includes in-
formation on the positions of road indicators and the road
shapes. Information on road indicators includes the width
of a stop line, the shape and height of a road sign, and
the shape, size and height of a traffic light and a fire hy-
drant. The map database 130 stores the road shape of
each lane as a sequence of points or a polynomial func-
tion. The map database 130 also stores the type (such
as solid line, double line, and broken line) and color (such
as white and yellow) of lane marks that define each lane.
Thus, the surrounding vehicle relocation function can
serve to refer to the map information stored in the map
database 130 and thereby to detect the road indicators
and road shapes around the subject vehicle.
[0075] FIG. 12A exemplifies a scene in which the sub-
ject vehicle enters a cross-like intersection. In the exam-
ple illustrated in FIG. 12A, the position of the subject ve-
hicle is detected at a position separate from a stop line
of the intersection to some extent on the basis of the
measurement result by the subject vehicle position de-
tection device 120. FIG. 12B is a view illustrating an ex-
ample of the detection result by the ambient detection
sensor 110 in the scene illustrated in FIG. 12A. As illus-
trated in FIG. 12B, the stop line of the intersection is de-
tected just ahead of the subject vehicle in accordance
with the detection result by the ambient detection sensor
110. That is, in the example illustrated in FIG. 12A, the
position of the subject vehicle detected by the subject
vehicle position detection device 120 is a position differ-
ent from the position of the subject vehicle based on the
detection result by the ambient detection sensor 110 due
to the detection error of the subject vehicle position de-
tection device 120.
[0076] In this case, the surrounding vehicle relocation
function serves to perform matching between the stop
line detected by the ambient detection sensor 110 and
the stop line detected based on the map information, as
illustrated in FIG. 13, thereby to correct the position of
the subject vehicle in the traveling direction of the subject
vehicle. Through this operation, even when a detection
error occurs in the subject vehicle position detection de-
vice 120, the position of the subject vehicle can be ap-
propriately estimated and the position of the subject ve-
hicle can be arranged at an appropriate position on the
map.
[0077] The surrounding vehicle relocation function
serves also to correct the position of a surrounding ve-
hicle in accordance with the correction of the position of
the subject vehicle. This will be more specifically de-
scribed. When an error occurs in the position of the sub-
ject vehicle, as illustrated in FIG. 12A, an error also oc-
curs in the position of a surrounding vehicle detected with
reference to the position of the subject vehicle. Accord-

ingly, when correcting the position of the subject vehicle
on the map, the surrounding vehicle relocation function
serves also to move the position of the surrounding ve-
hicle on the map in the same direction as that of the sub-
ject vehicle by the same moving amount as that of the
subject vehicle. Through this operation, as illustrated in
FIG. 13, the lane in which the surrounding vehicle travels
can be appropriately estimated and the position of the
surrounding vehicle can be arranged in an appropriate
lane on the map.
[0078] A travel control process according to the third
embodiment will then be described with reference to FIG.
14. FIG. 14 is a view for describing the travel control
process according to the third embodiment. The travel
control process illustrated in FIG. 14 is executed to follow
the travel control process of the first embodiment illus-
trated in FIG. 7. That is, after the process of step S113
or S114 illustrated in FIG. 7 is performed, the process of
step S301 illustrated in FIG. 14 is performed.
[0079] In step S301, the surrounding vehicle relocation
function serves to detect road indicators and road shapes
around the subject vehicle on the basis of the detection
results by the ambient detection sensor 110. In step
S302, the surrounding vehicle relocation function serves
to detect road indicators and road shapes around the
subject vehicle on the basis of the map information.
[0080] In step S303, the surrounding vehicle relocation
function serves to perform matching between the road
indicators and road shapes detected in step S301 based
on the detection results by the ambient detection sensor
110 and the road indicators and road shapes detected
in step S302 based on the map information. For example,
using a scheme of pattern matching, the surrounding ve-
hicle relocation function can serve to perform matching
between the road indicators based on the detection re-
sults by the ambient detection sensor 110 and the road
indicators based on the map information. In addition, us-
ing a scheme of ICP, the surrounding vehicle relocation
function can serve to perform matching between the road
shapes based on the detection results by the ambient
detection sensor 110 and the road shapes based on the
map information.
[0081] In step S304, the surrounding vehicle relocation
function serves to correct the positions of the subject ve-
hicle and surrounding vehicle on the basis of the match-
ing results of step S303. For example, as illustrated in
FIG. 13, the positions of the subject vehicle and surround-
ing vehicle on the map are corrected so that the stop line
detected by the ambient detection sensor 110 coincides
with the stop line detected from the map information, and
the positions of the subject vehicle and surrounding ve-
hicle can thereby be appropriately estimated. In a road
shape such as an intersection and curve, the positions
of the subject vehicle and surrounding vehicle are cor-
rected so that the road shape based on the detection
result by the ambient detection sensor 110 coincides with
the road shape based on the map information, and the
positions of the subject vehicle and surrounding vehicle
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can thereby be appropriately estimated. Then, the sur-
rounding vehicle relocation function serves to arrange
the positions of the subject vehicle and surrounding ve-
hicle on the map on the basis of the corrected positions
of the subject vehicle and surrounding vehicle. This al-
lows the positions of the subject vehicle and surrounding
vehicle to be arranged at appropriate positions on the
map.
[0082] If, in step S304, the positions of the subject ve-
hicle and surrounding vehicle are suddenly changed on
the map, uncomfortable feeling may be given to the driv-
er. To overcome this issue, moving amounts (correction
amounts) of the positions of the subject vehicle and sur-
rounding vehicle may be processed using a certain filter
thereby to alleviate the change in the positions of the
subject vehicle and surrounding vehicle, and the uncom-
fortable feeling given to the driver can thus be mitigated.
[0083] As described above, in the third embodiment,
the positions of the subject vehicle and surrounding ve-
hicle are corrected on the map so that the road indicators
and road shapes detected by the ambient detection sen-
sor 110 coincide with the road indicators and road shapes
detected from the map information. The lanes in which
the subject vehicle and the surrounding vehicle travel
can thereby be appropriately estimated, and the positions
of the subject vehicle and surrounding vehicle can be
arranged at appropriate positions on the map.
[0084] Moreover, in the third embodiment, the position
of a surrounding vehicle is moved in the direction, in
which the position of the subject vehicle is corrected, by
the moving amount and thereby the position of the sur-
rounding vehicle can also be appropriately corrected.
When an error occurs in the position of the subject vehi-
cle, an error also occurs in the position of a surrounding
vehicle because the position of the surrounding vehicle
is determined on the basis of the position of the subject
vehicle. The position of the surrounding vehicle is there-
fore corrected by the correction amount of the position
of the subject vehicle. The lane in which the surrounding
vehicle travels can thereby be appropriately estimated
and the position of the surrounding vehicle can be ar-
ranged at an appropriate position on the map.
[0085] Embodiments heretofore explained are de-
scribed to facilitate understanding of the present inven-
tion and are not described to limit the present invention.
It is therefore intended that the elements disclosed in the
above embodiments include all design changes and
equivalents to fall within the technical scope of the
present invention.
[0086] For example, in the above-described one or
more embodiments of the present invention, a configu-
ration is exemplified in which the lane for a surrounding
vehicle to actually travel is estimated on the basis of the
direction of travel in a lane of the road on which the sur-
rounding vehicle travels and the position of the surround-
ing vehicle is arranged in an appropriate lane on the map,
but the present invention is not limited to this configura-
tion and another configuration may also be employed in

which, for example, the lane for a surrounding vehicle to
actually travel is estimated on the basis of the direction
of travel in a lane of the road on which the surrounding
vehicle travels and travel of the subject vehicle is auto-
matically controlled on the basis of the estimation result.
[0087] In the above-described first embodiment, a con-
figuration is exemplified in which a position obtained by
moving a surrounding vehicle in the direction of travel in
the lane in which the surrounding vehicle has traveled is
estimated as the position of the surrounding vehicle, but
the present invention is not limited to this configuration
and another configuration may also be employed in
which, for example, the traveling direction of a surround-
ing vehicle is estimated on the basis of the history of
positions of the surrounding vehicle and a position ob-
tained by moving the surrounding vehicle in the estimated
traveling direction as the position of the surrounding ve-
hicle. Also in this case, even when an error occurs in the
detected position of the surrounding vehicle by the am-
bient detection sensor 110, the lane in which the sur-
rounding vehicle travels can be appropriately estimated
and the position of the surrounding vehicle can be ar-
ranged at an appropriate position on the map.
[0088] In the above-described first embodiment, a con-
figuration is exemplified in which, when the subject ve-
hicle is changing directions, a determination is made that
the traveling direction of a surrounding vehicle does not
coincide with the direction of travel in the lane in which
the surrounding vehicle has traveled, and the position of
the surrounding vehicle is corrected, but the present in-
vention is not limited to this configuration and another
configuration may also be employed in which, also when
the subject vehicle is traveling straight ahead, a determi-
nation is made that the traveling direction of a surround-
ing vehicle does not coincide with the direction of travel
in the lane in which the surrounding vehicle has traveled,
and the position of the surrounding vehicle is corrected.
[0089] In addition to the above-described one or more
embodiments of the present invention, a configuration
can be employed in which, provided that a surrounding
vehicle exists in the lane for the subject vehicle to travel,
even when the subject vehicle is changing directions, the
position of the surrounding vehicle is arranged at a po-
sition detected by the ambient detection sensor 110. Also
in this case, the detection error due to a yaw rate is less
likely to occur, and the position of the surrounding vehicle
can be arranged at an appropriate position.
[0090] The ambient detection sensor 110 in the above-
described embodiments corresponds to the detector of
the present invention.

[Description of Reference Numerals]

[0091]

100 Travel control apparatus
110 Ambient detection sensor
120 Subject vehicle position detection device
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130 Map database
140 Presentation device
150 Drive control device
160 Control device

Claims

1. A travel control method of estimating a position of a
moving object around a subject vehicle using a de-
tector configured to detect the moving object, com-
prising:

detecting a direction of travel in a lane from map
information, the lane being located on a road on
which the moving object travels; and
when the subject vehicle is changing directions,
estimating the position of the moving object on
a basis of the direction of travel in the lane.

2. The travel control method according to claim 1,
wherein when the subject vehicle is changing direc-
tions, a position obtained by moving the moving ob-
ject in the direction of travel in the lane in which the
moving object has traveled is estimated as the po-
sition of the moving object.

3. The travel control method according to claim 2,
wherein when the subject vehicle is changing direc-
tions, a moving amount of the moving object is esti-
mated on a basis of history of positions of the moving
object, and a position obtained by moving the moving
object from a previously-estimated position of the
moving object by the moving amount in the direction
of travel in the lane in which the moving object has
traveled is estimated as the position of the moving
object.

4. The travel control method according to any one of
claims 1 to 3, wherein when the subject vehicle is
changing directions, a moving direction of the mov-
ing object is estimated on a basis of history of posi-
tions of the moving object, and a position obtained
by moving the moving object in the estimated moving
direction of the moving object is estimated as the
position of the moving object.

5. The travel control method according to claim 1,
wherein a lane in which the moving object travels is
estimated on a basis of a lighting state of a winker
of the moving object and the direction of travel in
each lane of the road on which the moving object
travels, and a position in the estimated lane is esti-
mated as the position of the moving object.

6. The travel control method according to claim 5,
wherein a determination is made as to whether or
not the moving object is traveling in a lane change

prohibition zone, on a basis of the direction of travel
in the each lane, and the position of the moving object
is estimated in a same lane while the moving object
is traveling in the lane change prohibition zone.

7. The travel control method according to any one of
claims 1 to 6, wherein
a road indicator provided on the road or in a vicinity
of the road is detected on a basis of a detection result
by the detector,
the road indicator is also detected on a basis of the
map information, and
a position of the subject vehicle or the position of the
moving object is corrected so that a position of the
road indicator based on the detection result by the
detector coincides with a position of the road indica-
tor based on the map information.

8. The travel control method according to any one of
claims 1 to 7, wherein
a road shape is detected on a basis of a detection
result by the detector,
the road shape is also detected on a basis of the
map information, and
a position of the subject vehicle or the position of the
moving object is corrected so that the road shape
based on the detection result by the detector coin-
cides with the road shape based on the map infor-
mation.

9. The travel control method according to claim 7 or 8,
wherein the position of the subject vehicle and the
position of the moving object are corrected in a same
direction by a same moving amount.

10. The travel control method according to any one of
claims 1 to 9, wherein also when the subject vehicle
is traveling straight ahead, the position of the moving
object is estimated on the basis of the direction of
travel in the lane.

11. The travel control method according to any one of
claims 1 to 10, wherein
a boundary line of a lane around the subject vehicle
is detected as a first boundary line on a basis of a
detection result by the detector,
a boundary line of a lane including a lane in which
the subject vehicle travels is detected as a second
boundary line on a basis of the map information, and
the first boundary line and the second boundary line
are integrated to generate a boundary line of a lane.

12. The travel control method according to claim 11,
wherein
the second boundary line can be detected in a range
wider than a range in which the first boundary line
can be detected, and
when a degree of coincidence between the first
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boundary line and a part of the second boundary line
is not less than a predetermined value, a range out-
side the range in which the first boundary line can
be detected is complemented with the second
boundary line.

13. The travel control method according to claim 11 or
12, wherein when a degree of coincidence between
the first boundary line and the second boundary line
is less than a predetermined value, a position of the
subject vehicle on a map is estimated, and a bound-
ary line of a lane including the estimated position of
the subject vehicle on the map is complemented with
the second boundary line.

14. A travel control apparatus comprising:

a detector configured to detect a moving object
around a subject vehicle; and
a controller configured to determine a position
of the moving object,
the controller being further configured to:

detect a direction of travel in a lane from
map information, the lane being located on
a road on which the moving object travels;
and
when the subject vehicle is changing direc-
tions, estimate the position of the moving
object on a basis of the direction of travel in
the lane.
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